The aim of this study is to investigate risk spillovers between uncertainty about financial and commodity markets and Turkish stock market by using a causality-invariance test. To this end, we use implied volatility indexes (the implied volatility of the gold, oil, stock, and currency prices from options markets) and Morgan Stanley Capital International (MSCI) Turkish stock market index. The volatility model estimates demonstrate that implied volatilities and Turkish stock market index are strongly influenced by long-run volatility. The causality-in-variance test results provide evidence of a significant one-way volatility spillover effect from uncertainty in financial and commodity markets to the Turkish stock market. The results suggest that Turkish stock market returns are highly sensitive to uncertainty shocks in global markets, and hence this high-sensitivity reduces the attractiveness of investments in the Turkish market. Our findings present important implications for the implementation of sound economic policies and for the formation of optimal portfolios.
Introduction
The uncertain economic environment, especially in times of economic crisis, causes a significant increase in the hedging demands of investors (Bloom, 2014) . Compared to developed markets, the predictability of developing market returns and volatility is more important since global investors take relatively more risks by investing in these markets. Hence, market participants need to have knowledge about to what extent information uncertainty in financial and non-financial markets affects global investors' risk appetite and about how this effect, if any, changes the relative riskiness of developing markets. Information uncertainty plays a key role in influencing developing market returns and volatility. In this study, we investigate the volatility spillovers between uncertainty about the financial and commodity markets and Turkish stock market to better understand the vulnerability of the Turkish market to global developments.
Individuals may not be able to objectively determine the probabilities of events in an uncertain environment. Ellsberg (1961) implies that individuals do not like uncertainty if they are not sure about the probability distribution of a gamble. The tendency to avoid uncertain situations is known as ambiguity aversion. The concept of uncertainty has attracted great attention in economics and finance literature because uncertain economic conditions have a big impact on the asset allocation decisions of investors. To hedge against the adverse effect of uncertainty on global portfolio returns, investors should follow dynamic learning strategies (Xia, 2001) . The negative and positive effects (after bad and good news, respectively) of Business and Economics Research Journal, 11(1): [119] [120] [121] [122] [123] [124] [125] [126] [127] [128] [129] 2020 Volatility Spillover between Uncertainty in Financial and Commodity Markets and Turkish Stock Market information uncertainty on stock returns lead to significant changes in portfolio compositions of investors (Zhang, 2006) . The aim of diversification strategies in global markets is to reduce the systematic risk in a market. Despite the higher returns from developing markets (e.g. Turkish market), especially when compared to developed markets, the perception of higher uncertainty about the future of these markets is quite effective in influencing investors' decisions on risky assets. Therefore, implementing proper investment strategies across global markets requires investors to carefully consider the impact of uncertainty on developing markets.
A signal about the volatility expectations (and hence uncertainty) in leading commodity and financial markets alters the weight of risky assets in an optimal portfolio. The increased risk and uncertainty perceptions regarding the future economic environment are easily recognized by the investors observing price fluctuations in options markets in which the hedging activities of traders are frequently performed in a short time. Sophisticated investors and speculators (e.g. financial intermediaries) play a crucial role in options markets with the use of their superior knowledge and expertise (He et al., 2017) . A significant change in hedging activities in options markets provides valuable information for the market participants with respect to worsening economic conditions. Hence, this information has a considerable social and economic role in reducing business and financial risks. Implied volatilities obtained from options markets are widely used to capture the forward-looking components of uncertainty (Christensen & Prabhala, 1998; Fleming et al., 1998; Szakmary et al., 2003; Kellogg, 2014) . The implied volatilities reflect common beliefs among market participants on the expected uncertainty. Also, implied volatility indices indicate investor sentiment since higher implied volatilities show higher fear among market players about financial turmoil (Maghyereh et al., 2016) . In light of the above information, one might argue that option-implied volatilities reflecting volatility expectations in financial and non-financial markets can be used as proxies for uncertainty.
The level of exposure to option-implied stock price volatility is of primary importance in affecting the equity market returns in the US (Ang et al., 2006) . It is inevitable that developing markets are influenced by the uncertainties in the developed markets (e.g. US market) due to a growing integration between global markets along with the increasing liberalization in recent years. The US market plays a central role for the global financial system (Bessler and Yang, 2003; Chowdhury, 1994) . Thereby, we use the Chicago Board Options Exchange (CBOE) Volatility Index (VIX), which is obtained from S&P 500 index options, to consider the uncertainty and fear in the US stock market (Bloom, 2014) . Previous literature has pointed out that some specific assets are relatively more important among others. For instance, the US dollar, as a premier reserve and funding currency, is one of the key determinants of fluctuations in international markets (Goldberg & Tille, 2009; Steiner, 2014; Maggiori, 2017) . The increasing financialization of gold and oil markets has intensified their role in explaining financial market returns and volatility. (Diebold & Yilmaz, 2012; Basak & Pavlova, 2016; Mensi et al., 2017) . Oil price uncertainty strongly impacts several macroeconomic indicators (e.g. investment, unemployment, consumption, production growth) (Elder & Serletis, 2010; Kocaaslan, 2019; ) . Various studies indicate the hedging potential of gold, as a safe haven asset, against inflation and hence unexpected stock price changes (Baur & Lucey, 2010; Baur & McDermott, 2010; Chan et al., 2011; O'Connor et al., 2015) . When considering these facts, one may argue that the assessment of uncertainty in oil, gold, stock and currency markets gives information about investor sentiment and consensus among market players on future market conditions. Taking into account the above discussion, for our empirical analyses, we suggest the use of implied volatility of the gold, oil, stock, and currency prices from options markets to examine volatility spillovers between uncertainty in commodity and financial markets and Turkish stock market.
There is a limited number of recent studies that concentrate on the relationship between uncertainty in stock and some commodity markets (such as oil and gold) and Turkish stock market (e.g. Kaya, 2015; Hatipoğlu & Tekin, 2017; Öner et al., 2018; Başarır, 2018; Sadeghzadeh & Elmas, 2018; Cihangir, 2018) . However, there is a gap of knowledge on the impact of uncertainty in currency markets on the Turkish stock market. More importantly, no effort has been devoted to exploring volatility spillovers between uncertainty in commodity and financial markets and the Turkish stock market. To close this void in the literature, we use the causality-in-variance test suggested by Hafner and Herwartz (2006) due to several important advantages B. Kocaarslan of this test explained in the "Econometric Technique" section. In this study, with the help of the causality-invariance test, we concentrate our focus on the risk spillovers between uncertainty in financial (stock and currency) and commodity markets (oil and gold) and Turkish stock market. In other words, the main purpose of using the causality-in-variance test is to better capture the uncertainty related risks in the Turkish stock market stemming from deep uncertainty (uncertainty in variation in volatility) in the financial and commodity markets.
Literature Review
The benefits of diversifying across global stock markets are based on the changes in the investment opportunity set. The risk perceptions of international investors mostly depend on changing future investment opportunities, which considerably affect the asset allocations of globally optimal portfolios (Merton, 1973) . News about future market returns and volatilities is of utmost importance in determining sound risk management strategies in global markets (Chen, 2002; Campbell, 1993 Campbell, , 1996 . In this respect, a clear understanding of which macroeconomic indicators reflect future market conditions is essential to better rebalance globally diversified portfolios over time.
As mentioned in the previous section, the volatility expectations in financial and commodity markets (option-implied volatilities) give market players an idea of the uncertainty in the aggregate market. Therefore, the mechanism of the impact of uncertainty on global markets is intriguing. The significant effect of the VIX index (which is used to represent information uncertainty in the stock market (Bloom, 2014) ) on the US stock market has been documented by various studies (Ang et al., 2006; Blair et al., 2001; Becker et al., 2009) . When taking into account the key role of fluctuations in the US market for global dynamics, it is highly likely that the fluctuations in the VIX index will have a strong impact on risky emerging markets.
Previous literature points to the role of global risk perceptions (VIX) and commodity markets in influencing developing countries (Hacihasanoglu et al., 2012; Ordu & Soytas, 2016; Ewing et al., 2018) . Some existing studies investigate the impact of VIX on the Turkish stock market. Korkmaz and Çevik (2009) find that the changes in the VIX index significantly affect the Turkish stock market. Using a vector error correction model, Kaya (2015) demonstrates the strong impact of the VIX on the Turkish stock market in the presence of cointegration. Hatipoğlu and Tekin (2017) present similar findings to that provided by Kaya (2015) utilizing a quantile regression framework. Öner et al. (2018) find Granger causality from the VIX to the Turkish stock market. Başarır (2018) conducts a frequency domain causality test and provides supporting evidence for the above studies. Sadeghzadeh and Elmas (2018) employ the panel autoregressive distributed lag (ARDL) model and document that the VIX is one of the most important determinants of Turkish stock market returns.
On the other hand, several studies investigate how volatility expectations (uncertainty) in gold and oil markets influence emerging stock markets. Raza et al. (2016) report negative impacts of option-implied oil and gold price volatilities on emerging stock markets in both the short-and long-term. The findings of Luo and Qin (2017) demonstrate the positive impact of oil price shocks and the negative impact of oil volatility shocks on Chinese sector returns. Bouri et al. (2017) provide evidence that greater uncertainty in gold and oil prices leads to an increase in Indian stock market volatility. Dutta et al. (2017) observe that oil price uncertainty is a determinant factor influencing the volatility and returns of African and Middle East stock markets. Using the vector error correction model, similar to the above findings, Cihangir (2018) shows the significant effect of option-implied gold and oil volatilities on some emerging stock markets including the Turkish stock market.
Overall, previous findings give an idea of the effect of volatility expectations (uncertainty) in financial and commodity markets (option-implied price volatilities) on the stock markets. However, the above studies do not test the causality in variance between uncertainty in financial and commodity markets and the Turkish stock market. Therefore, how uncertainty in variation in option-implied price volatilities influences the risk perceptions of global investors on the Turkish stock market remains unsolved. There is no empirical analysis on volatility spillovers between uncertainty in financial and commodity markets and the Turkish stock market. This paper is an attempt to fill this information gap.
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Data Sources and Characteristics
Our data set includes daily closing prices of the Turkish stock market obtained from Morgan Stanley Capital International, which is commonly preferred in the related literature. Dollar denominated-prices are used since global investors are mostly interested in dollar denominated-returns (Cho et al., 1986) . To represent uncertainty in commodity and financial markets, we employ the CBOE Gold Volatility Index (GVZ, measuring 30-day volatility expectations in SPDR Gold Shares options), CBOE Crude Oil Volatility Index (OVX, measuring 30-day volatility expectations in United States Oil Fund option prices), CBOE Euro Currency Volatility Index (EVZ, measuring 30-day volatility expectations in USD/Euro exchange rate "currency share euro trust options"), and CBOE Volatility Index (VIX, measuring 30-day volatility expectations in the S&P 500 index), collected from Chicago Board Options Exchange. The sample period is from January 3, 2011 to January 30, 2019. We focus on the post-crisis period to avoid the effect of the global financial crisis (2008) on investor perceptions because a lower degree of risk avoidance is observed during the post-crisis period (Hoffmann et al., 2013) . The first differences of the logarithm of the variables are considered for the return of the Turkish stock market index and changes in the volatility expectations in the relevant markets for empirical investigation 1 . Probability 0.0000 0.0000 0.0000 0.0000 0.0000
Note: Table 1 shows descriptive statistics of the time series. D and L represent the first difference and log operators, respectively. DLTUR, DLVIX, DLEVZ, DLOVX, and DLGVZ represent the daily returns of the Turkish stock market prices and the implied volatilities in the stock, currency, oil and gold markets, respectively. Table 1 reports the descriptive statistics of the returns of the Turkish stock market index and changes in implied volatilities. The statistics show the skewness and excess kurtosis for the time series. These departures from the normality assumption are confirmed by the Jarque-Bera statistic rejecting the null hypothesis of normality. Implied volatilities of option prices have higher standard deviations indicating higher volatility than the Turkish stock market index. Figure 1 illustrates the evolution of the returns in the Turkish stock market and the changes in implied volatilities over the sample period. This illustration clearly indicates the presence of heteroscedasticity and volatility clustering and hence supports the use of GARCH models to examine the relationship between the Turkish stock market and uncertainty in financial and commodity markets (implied volatilities). 
Econometric Technique
In this study, we concentrate our effort on volatility linkages to investigate information transmission between the variables of interest. This investigation enables us to understand risk spillovers between uncertainty in the US markets (including commodity and financial markets) and the Turkish stock market. The role of global risk perceptions, which depends on the volatility expectations (uncertainty) in commodity and financial markets, is of immense importance for the asset allocation decisions of global investors. These decisions on diversification strategies influence the resilience of developing markets (e.g. Turkish market) to adverse global shocks.
In order to examine the presence and direction of volatility transmissions between the uncertainty in financial and commodity markets and the Turkish stock market, we utilize the causality-in-variance test, introduced by Hafner and Herwartz (2006) . In the literature, earlier causality-in-variance tests proposed by Cheung and Ng (1996) and Hong (2001) are commonly utilized to examine volatility linkages across global markets. These tests are based on the cross-correlation functions (CCFs) of the standardized residuals obtained from univariate general autoregressive conditional heteroscedasticity (GARCH) models and are sensitive to significant oversizing, for particularly small samples in the presence of the leptokurtic volatility processes (Hafner & Herwartz, 2006) . Also, the sensitivity of these tests to the selected order of leads and lags is very high. The causality-in-variance test suggested by Hafner and Herwartz (2006) is grounded on the Lagrange multiplier (LM) principle and overcomes the above-mentioned problems that the earlier tests face. By taking into consideration leptokurtic innovations in small samples and using a Monte Carlo simulation, Hafner and Herwartz (2006) indicate the robustness of the LM-based causality-in-variance test approach.
The first step of the causality-in-variance test requires the estimation of univariate GARCH models to explain the variation in the conditional means and variances 2 . We apply a traditional GARCH model (Bollerslev, 1986) for the conditional variance 3 . The specification of the variance equation of the GARCH (1,1) model is indicated as follows: The α (ARCH parameter) measures the effect of previous shocks (lagged squared errors) on current conditional variance as the β (GARCH parameter) measures the effect of previous conditional variance (lagged conditional variance) on current conditional variance. Moreover, the sum of the GARCH and ARCH parameters (β +α) indicates the degree of volatility persistence. For stability and stationarity, some constraints (ω > 0; α ≥ 0; β ≥ 0; α + β >1) should be satisfied for the GARCH models.
The second step involves testing the below null hypothesis of non-causality-in-variance between implied volatilities (series i "volatility expectations (uncertainty) in financial and commodity markets") and Turkish stock market (series j).
Where F t (j) =F t /σ(ε jτ , τ ≤ t) and ε it represents the residuals obtained from the standard univariate GARCH model. The following equation is considered to test the null hypothesis:
σ it 2 and ξ it refer respectively to the conditional volatility (variance) and the standardized residuals for the series i while σ jt−1 2 and ε jt−1 2 refer respectively to the conditional volatility (variance) and the squared standardized residuals for the series j. The null hypothesis H0: π = 0 (no causality-in-variance) is tested against the alternative hypothesis H1: π ≠ 0 stating the existence of the causality. The score of the Gaussian loglikelihood function of ε it is derived by x it (ξ it−1 2 )/2, where the derivatives are x it = σ it −2 ( ∂σ it 2 ∂θ i ⁄ ), θ i = (ω i , α i , β i )′. Hafner and Herwartz (2006) propose the below LM test to explore volatility linkages between the related variables.
The asymptotic distribution of the test statistic in Eq. (4) is based on the number of misspecification indicators in z jt . The presence of two misspecification indicators in λ LM equation requires us to obtain an asymptotic chi-square distribution with two degrees of freedom, which is the best fitting distribution for the used models. Rejecting the null hypothesis shows a volatility spillover from series j to series i. A similar procedure is followed to investigate volatility spillover from series i to series j.
Empirical Findings and Discussion
As mentioned in the previous section, univariate GARCH (1,1) models are estimated to follow the steps of the causality-in-variance test procedure. Tables 2 and 3 report the results for the mean and variance equations of the GARCH models, respectively. Before the interpretation of parameters, we need to control whether the stability conditions (ω > 0; α ≥ 0; β ≥ 0; α + β >1) are satisfied or not. A quick check shows that the estimated GARCH model results confirm the satisfied stability requirements. The significant AR(1) terms in the mean equations suggest that implied volatilities in the stock, currency, and gold markets are significantly and negatively influenced by their own lags. The significant statistical parameters in the variance equations clearly indicate the existence of conditional heteroscedasticity for all variables. The greater long-Business and Economics Research Journal, 11(1):119-129, 2020 B. Kocaarslan run (GARCH) effect than the short-run (ARCH) effect is observed for the indices, which implies strong longrun volatility 4 . AR(1) 0.02133 -0.065795** -0.053136** -0.00501 -0.074322*** Note: Table 2 reports the estimated coefficients in the mean equations for the time series. D and L represent the first difference and log operators, respectively. DLTUR, DLVIX, DLEVZ, DLOVX, and DLGVZ represent the daily returns of the Turkish stock market prices and the implied volatilities in the stock, currency, oil and gold markets, respectively. Dependent variables are the DLTUR, DLVIX, DLEVZ, DLOVX, and DLGVZ. Explanatory variables are the lagged changes (AR(1) term). ** Significant at the 5% level; *** significant at the 1% level.
Table 3. Variance Equation Results
Dependent Table 3 reports the estimated coefficients in the variance equations for the GARCH (1,1) model. *** Significant at the 1% level. DLTUR, DLVIX, DLEVZ, DLOVX, and DLGVZ represent the daily returns of the Turkish stock market prices and the implied volatilities in the stock, currency, oil and gold markets, respectively. α and β represent the ARCH and GARCH parameters, respectively.
The presence of the persistent long-run volatility encourages us to investigate the volatility transmission between uncertainty in financial and commodity markets and Turkish stock market returns. Table 4 reports the causality-in-variance (volatility spillover) test results. We find strong evidence of one-way causality-in-variance (volatility spillover effect) from implied volatilities in the stock, currency, oil, and gold markets to the Turkish stock market. This finding supports the high sensitivity of the Turkish market to uncertainties in global markets including both financial and commodity markets.
Our results show that there is a strong risk spillover from uncertainty in the US stock market to the Turkish stock market (in other words, the strong impact of deep uncertainty in the US stock market on the riskiness of the Turkish stock market). With increasing globalization, investment tendencies in risky markets (e.g. emerging markets) have increased recently. However, a decline in global investors' risk appetite leads to a decline in the investment tendencies in these markets. An increase in volatility expectations in the US stock market is an important indicator of deteriorated future market conditions for market players. Therefore, this increase has a negative effect on investor sentiment and hence on global risk appetite. Our empirical results, as expected, suggest that this negative effect increases the risk perceptions towards investments in the Turkish stock market.
We also find a causality-in-variance from uncertainty in the currency market (the euro-dollar rate) to the Turkish stock market. The import and export of Turkey are expected to be significantly affected by the euro-dollar rate. The reason behind this effect is that a significant part of Turkeys' export is based on the use of the Euro-currency while the import mostly depends on the use of the US dollar. Also, these main currencies are of central importance in influencing some macroeconomic indicators in Turkey (e.g. inflation and interest rates). Another explanation could be the high rate of foreign currency debts Turkish companies have. In light of this information, it is not surprising that a deep uncertainty in the euro-dollar rate amplifies the risk level of the investments in the Turkish market. Table 4 reports the causality-in-variance test results. DLTUR, DLVIX, DLEVZ, DLOVX, and DLGVZ represent the daily returns of the Turkish stock market prices and the implied volatilities in the stock, currency, oil and gold markets, respectively. Significance implies Granger causality in variance running from column variable to row variable. ***Significant at the 1 percent level.
As for the impact of uncertainty in oil markets, we observe a significant volatility spillover from oil price uncertainty to the Turkish stock market. There are various potential reasons for this result. Oil price uncertainty plays a crucial role in economic activity through its adverse impacts on aggregate output, investment, and unemployment (Elder & Serletis, 2010; Kocaaslan, 2019) . Also, an increase in volatility expectations in oil markets generates increased inflationary pressure . To this respect, it is very likely that increased uncertainty in oil prices has a big impact on business cycles and ultimately on stock prices. The Turkish economy, as an oil-importing economy, is highly vulnerable to developments in oil markets. Therefore, the level of oil price uncertainty is of immense importance in increasing the riskiness of the portfolios including assets in the Turkish market.
An additional result of our analysis is that there is a strong volatility spillover effect from uncertainty in gold prices to the Turkish stock market. Gold is widely preferred by investors to hedge unexpected inflation risk under worsening economic conditions and thus to hedge unexpected stock price fluctuations (Baur & McDermott, 2010; Baur & Lucey, 2010) . Due to these safe-haven properties of gold, increased speculative trading in options markets and consequently an increase in gold price uncertainty indicates inflationary expectations and uncertain monetary policy actions in the near future. Based on these facts, one could argue that increased implied volatility (increased uncertainty) in gold prices leads global investors to alter the asset allocation of their portfolios for hedging purposes. The changing composition of global portfolios causes an increase in the volatility of risky markets (e.g. Turkish market).
Conclusion
A change in the level of volatility of a market includes newly transmitted information for the market. This new information could be related to heightened uncertainty in global markets including financial and commodity markets. Therefore, it is highly important to uncover volatility spillovers between uncertainty in financial and commodity markets and stock markets for volatility forecasting, asset valuation and hence for forming optimal global portfolios. Exploring the direction of information flows between uncertainty in global markets and stock markets helps to improve risk management strategies. In contrast with the previous studies, we aim to discover the extent to which uncertainty shocks in global markets are transmitted to the Turkish stock market in which the proportion of foreign investors is sufficiently large to make it more sensitive to global developments. To this end, we study volatility linkages between uncertainty about commodity and financial markets and the Turkish stock market. We do that by employing the causality-in-variance test introduced by Hafner and Herwartz (2006) .
Our findings suggest a significant volatility spillover effect from uncertainty in financial and commodity markets to the Turkish stock market. In other words, uncertainty in variation in volatility (deep uncertainty) of the global markets has a substantial impact on the riskiness of the Turkish market. On one hand, from a perspective of risk management strategies, the findings are very valuable because they inform global investors about the risk level of the Turkish stock market associated with uncertainty shocks in global markets, which lead to the reduced diversification potential of assets in the Turkish market. On the other hand, from an economic policy perspective, our results are of vital importance for the determination of sound economic policies. Economic policymakers in Turkey should pay considerable attention to the changing volatility expectations in commodity and financial markets in order to diminish the vulnerability of the Turkish market to deep uncertainty in global markets. For example, they can inform market participants about the effective use of monetary policy instruments during a period of high uncertainty. Improving the transparency of monetary policy is of paramount importance in reducing information asymmetries between monetary policymakers and market players (Geraats, 2006) . In this respect, central bank communication is an important element of influence in the monetary policy process. To improve the transparency of this communication, as Geraats (2006) points out, monetary policymakers should take into account the wording of policy statements. In light of this information, it could be suggested that predictable and effective monetary policy actions taken by monetary policymakers in Turkey (less uncertainty about monetary policy goals) reduce the sensitivity of the Turkish stock market to uncertainty shocks in financial and commodity markets.
For future research, volatility linkages between uncertainty about the commodity and financial markets and other developing and/or developed markets in different regions (e.g. MENA markets) might be further investigated. Also, further research might focus on examining the risk transmissions between uncertainty in global markets and industry-level index returns in the developed and/or developing markets.
End Notes

